Bacteremia is one of the most common causes of mortality in hospitalized patients. Blood culture is currently the recommended method for diagnosing bacteremia. However, a positive result via blood culture does not always mean that bacteremia is present. For example, common skin flora, particularly coagulase-negative staphylococci (CNS), may contaminate blood cultures. It is important to determine whether a positive blood culture reflects a severe threat of sepsis, or occurs due to contaminant of the specimen by normal skin flora.
Science
Bacteremia is one of the most common causes of mortality in hospitalized patients. Blood culture is currently the recommended method for diagnosing bacteremia. However, a positive result via blood culture does not always mean that bacteremia is present. For example, common skin flora, particularly coagulase-negative staphylococci (CNS), may contaminate blood cultures. It is important to determine whether a positive blood culture reflects a severe threat of sepsis, or occurs due to contaminant of the specimen by normal skin flora. 1 Incorrect interpretation of CNS-positive blood cultures results in unnecessary administration of antibiotics, increases healthcare costs, prolongs hospitalization, and promotes antibiotic resistance in microorganisms. 2 Certain factors help health care professionals determine whether CNS detected via blood culture represents true bacteremia or merely reveals contamination in the specimen. 1 For example, the time to positivity (TTP), which is mainly influenced by the species of bacteria and the original bacterial load, has been used in the interpretation of blood cultures that test positive for CNS. 3 Further, an elevated level of serum procalcitonin (PCT) has been associated with true CNS bacteremia. 4, 5, 6 Patients with CNS bacteremia have an elevated PCT level and a shortened TTP. We hypothesized that the ratio of TTP to PCT might be a more accurate predictor of CNS bacteremia, compared to PCT, or TTP alone. We retrospectively reviewed blood cultures from 102 individuals with positive results due to CNS to assess the clinical utility of the TTP to PCT ratio in predicting true bacteremia. 
Materials and Methods

Subjects
We reviewed the clinical characteristics and laboratory data from patients with CNS-positive blood cultures at Civil Aviation General Hospital, a 550-bed tertiary teaching hospital in Beijing, China, from August 2007 through February 2012. A total of 102 hospitalized patients with suspected bacteremia (average age, 72 years, interquartile range [IQR], 61-77 years) were enrolled in the study; all had 2 or more blood cultures drawn during a 48 hour period, at least 1 of which was positive for CNS. The exclusion criteria included inhalational injury, burn injury, pancreatitis, mechanical trauma, extensive surgery, C-cell carcinoma of the thyroid, and heatstroke, all of which cause elevations in serum PCT. 4 
Laboratory Procedures
We used the BacT/ALERT 3D blood culture microbial detection system (bioMérieux SA, Marcy l'Étoile, France) with activated charcoal medium, fluorescent aerobic (FA), and fluorescent anaerobic (FN). A set of blood cultures consisted of a total of 20 mL of blood; the blood was inoculated equally into culture media in aerobic and anaerobic tubes, 10 mL per tube. We then analyzed the following data: Demographic characteristics (age and sex), medical history, symptoms (fever, chill, and/or altered mental status), and test results (TTP and presence of microorganisms). We also examined the white blood cell (WBC) count and concentrations of C-reactive protein (CRP) and PCT; PCT was measured by an enzyme-linked fluorescence immunoassay on the mini VIDAS B.R.A.H.M.S (bioMérieux SA) with a detection limit of 0.05 ng per mL. If PCT was undetectable, a value of 0.05 ng per mL was assigned to the specimen.
Definitions
Previous studies 6, 7 have suggested that bacteremia involving common skin contaminants can be identified using certain criteria: (1) the patient has at least 1 of the following clinical signs or symptoms: temperature higher than 38°C, chills, or hypotension at the time of blood-culture sample collection; (2) clinical signs, symptoms, and positive laboratory results that are not related to an infection at another anatomical site; (3) positive cultures (we were only concerned with CNS in the current study) in 2 or more blood specimens drawn on separate occasions during a 48-hour period; and/or (4) diagnosis of CNS bacteremia by an infectious-disease specialist who is unaware of the PCT value or TTP of the sample in question. Herein, hospitalacquired infection (HAI) is defined according to the criteria of the Centers for Disease Control and Prevention (CDC). 7 Systemic inflammatory response syndrome (SIRS) is defined according to the criteria of the American College of Chest Physicians and the Society of Critical Care Medicine consensus. 8 TTP is defined as the time elapsed from the start of incubation to the detection of microbial growth. After blood collection, the tubes were immediately transferred to the microbiological laboratory. If multiple cultures tested positive, the shortest TTP among the cultures was used for data analysis.
Statistical Analysis
We evaluated differences among groups via the MannWhitney U test for continuous variables (expressed as the median [IQR]) and χ 2 or Fisher exact tests for categorical variables, as appropriate. Statistical analyses and data sorting were conducted using SPSS software, version 10.0 (SPSS Inc, Chicago, IL). To compare the diagnostic values of individual laboratory markers for predicting bacteremia, we performed receiver operating characteristic (ROC) curve analysis. We used the area under the curve (AUC) to assess the accuracy of laboratory parameters in differentiating bacteremia from contaminated specimens. We calculated the ROC using Medcalc for Windows (version 7.2.1.0; Medcalc Software bvba, Ostend, Belgium). A P value of less than.05 was considered statistically significant.
Results
Of the 102 subjects whose blood cultures tested positive for CNS, 54 (52.9%) were men and 48 (47.1%) were women. The overall prevalence of true bacteremia caused by CNS was 41.2%. The comorbidities of the subjects in this study included respiratory tract infection (n = 49), diabetes mellitus (n = 50), cancer (n = 6), autoimmune diseases (n = 4), and renal failure (n = 33); none of these were statistically related to Among 102 patients whose blood cultures tested positive due to CNS, ROC analysis demonstrated that the TTP to PCT ratio, PCT level, and TTP were all significant (all P <.05) for the prediction of bacteremia. The distributions of the TTP to PCT ratio in the subjects are presented in Figure 1 . . Pairwise comparison of the AUC of PCT level and TTP with the TTP to PCT ratio indicated significant differences (P =.02 and P =.01, respectively). Patients with CNS-caused bacteremia had shorter TTP, higher PCT levels, and a lower TTP to PCT ratio than patients without this condition. With a rising bacteremia rate, TTP decreased and PCT values increased, resulting in significant differences in the TTP to PCT ratio among the 2 groups.
For the TTP to PCT ratio, the optimal threshold for sensitivity and specificity was 22.5 hours·mL·ng -1 for the prediction of true bacteremia. With this value, as many as 85.7% (36 of 42) and 80.0% (48 of 60) patients could be correctly classified as having confirmed bacteremia or blood-culture contamination, respectively. We present the accuracy indices for the prediction of bacteremia via TTP, PCT levels, and TTP to PCT ratios in Table 2 and Figure 2 . 
Discussion
Blood culture is the most common method used to diagnose and treat patients with suspected bacteremia. Use of prosthetic devices and indwelling vascular catheters creates a risk for bacteremia caused by common skincolonizing bacteria, especially CNS. 9,10 Improvements in commercially available blood culture systems now make it possible, during blood sample collection, to detect small amounts of skin bacteria that contaminate blood specimens during collection.
11
Strategies to distinguish between positive blood culture results due to bacteremia and positive cultures resulting from contamination remain a subject of active research. Several factors should be considered: The species of organisms identified in the specimens, the number of blood cultures that test positive, and other clinical and laboratory clues. 11, 12 TTP is a convenient way to evaluate initial bacterial load. Kassis et al 3 demonstrated, using the BACTEC 9240 blood culture system (Becton, Dickinson, and Company; Franklin Lakes, NJ) that TTP could be used to differentiate CNS bacteremia (TTP ≤16 hours) from contaminated specimens using a TTP threshold of ≥20 hours). 3 Our results indicated that a TTP of 21.5 hours or longer yields the most favorable sensitivity (61.9%) and specificity (61.7%) for predicting true bacteremia. The culture differences in media and supplements in various blood culture systems may explain the differences in TTP thresholds. For example, Viganò et al 13 found that the TTP of CNS as detected via the BACTEC 9240 was significantly shorter than when the BacT/ALERT (Becton, Dickinson, and Company) system was used; (15 strains of S. epidermidis; BACTEC, 17.1 hours vs BacT/ ALERT, 23.3 hours). Mirrett et al 14 demonstrated that the TTP of CNS-positive cultures, using the BACTEC 9240 system, was shorter than cultures using the BacT/ALERT but the differences were not significant (for 66 cases of CNS, BACTEC, 19 hours vs BacT/ALERT, 21 hours). However, PCT is also a marker of inflammation or infection 4 and elevated PCT levels are highly suggestive of bacteremia. Schuetz et al 6 demonstrated that PCT values can be used to discriminate between blood-sample contamination and CNS bacteremia. We also confirmed the predictive value of PCT in our study: If the PCT level was elevated to 1.24 ng per mL in a patient with a CNS-positive blood culture, the PCT level had a specificity of 78.3% and a sensitivity of 78.6% to predict true bacteremia.
Because shortened TTP and an elevated PCT level are both associated with a higher possibility of true bacteremia caused by CNS, the TTP to PCT ratio might be a more favorable predictor for CNS bacteremia. Our study demonstrates that a CNS-positive blood culture with a TTP to PCT ratio of less than or equal to 22.5 (h×mL)/ng is highly associated with true bacteremia (specificity of 80.0% and sensitivity of 85.7%). ROC analysis indicate that the TTP to PCT ratio has significantly higher predictive value than TTP or PCT by itself.
Our study is limited by several factors. First, the sample size is small. Although a small sample size is common in this type of study, 6 the conclusions should be interpreted with caution. In our hospital, blood cultures are often not performed according to strict guidelines. Most patients suspected of harboring bacteremia have only 1 blood culture collected; therefore, these individuals were not included in our study, per our exclusion criteria. Second, no widely accepted criteria are available to distinguish true pathogens from contaminants. 3, 6 In our study, we define the bacteremia according to literature reports including clinical signs or symptoms and a confirmed diagnosis from an experienced physician. 6, 7 Third, conditions that elevate the PCT level, such as inhalational injury, burn injury, pancreatitis, mechanical trauma, and extensive surgery; were excluded from thisstudy. 4 Steinbach et al 15 demonstrated that in patients with acute and chronic renal insufficiency, PCT levels were not significantly affected by renal disease but were markedly elevated in the presence of infections. We obtained similar results in our study. Regarding autoimmune diseases, we observed 3 cases of rheumatoid arthritis (RA) and 1 of systemic lupus erythematosus (SLE), distributed in the contamination and bacteremia groups. The patient with SLE was a 35-year-old woman with a high PCT level (1.52ng/mL); her blood sample was categorized in the contaminated-sample group because we discovered S. epidermidisin only 1 aerobic culture. Further, 2 of 3 patients with rheumatoid arthritis (RA) in the bacteremia group had elevated PCT levels (3.21 and 2.98 ng/ mL); the patient with RA in the contaminated-sample group had a normal PCT level (<0.05ng/mL). Joo et al 16 found that patients with SLE, RA, and other autoimmune diseases had higher PCT levels in the in the presence of bacteremia than those in a disease-flare group, for example, those with a worsening of SLW, RA, and other autoimmune diseases that, if persistent, would in most cases lead to initiation or change of therapy. Our analysis yielded comparable results.
Conclusion
Our study has potential application to the clinical interpretation of blood culture results and the detection of CNS Recently, direct identification of pathogens in positive blood cultures without previous isolation of the organism has been reported. 17 A positive blood culture result can quickly be interpreted as stemming from the presence of CNS. However, when a positive CNS culture result is detected in a single blood culture, as is often the case with pediatric patients, or in cases where the earliest culture with a positive result reveals CNS when 2 or more blood cultures have been collected, healthcare professionals are still at a loss to determine is clinical significance. 1, 11 We found that TTP to PCT ratio is a useful measurement to predict true bacteremia and to rule out contamination. LM
